A rural model composting toilet system still had some pathogens in the compost after months of operation and hence requires a post-treatment. The aim of the study was to sanitize compost withdrawn from the composting toilet by setting post-treatment conditions. The kinetics inactivation of MS2 bacteriophage, selected as indicator for pathogenic viruses were determined during post-treatment at different temperatures (30˚C, 40˚C and 50˚C) with varying moisture contents (50%, 60% and 70%). As a result, the inactivation rates during the post-treatment were 0.093 -0.020 h 
Introduction
A composting toilet, which was modified from the commercial type available in Japan, has been installed in rural parts of Burkina Faso in an attempt to alleviate sanitation problems and to improve food security in the area. The function of the composting toilet system is to enhance the efficient organic decomposition [1] . This is a sustainable sanitation system to protect human health and the environment while reducing the use of water and recycling nutrients [2] . Farming is the main occupation of the people in the area [3] .
A family with six people earned 132 Euro in Zinaire from the reuse of compost, urine and grey water in their sanitary gardens [4] . The people are encouraged to use the composting toilet to make compost for their gardens. The inactivation rate of pathogenic viruses in the compost needs to be assessed before reuse on the farmlands.
There is no information available for the treatment of compost in Burkina Faso using heat inactivation of pathogenic viruses. In spite of the importance of viruses as a pathogen causing a wide range of infectious diarrhoea, nausea, vomiting, hepatitis, and meningitis throughout the years in developing countries, attention has not been paid to inactivation of viruses in compost using an affordable sanitisation method such as the solar energy. E. coli has been used for the verification and monitoring of treated excreta [5] . However, E. coli cannot be used to monitor viruses that have a strong tolerance [1] . Certain coliphage are considered an appropriate indicator than coliform bacteria to monitor viruses in a water environment [6] . Enteric bacteriophages specifically, F + RNA bacteriophage infecting Escherichia coli, have been proposed as more reliable indicators of human viral pathogens [7] because they are similar to human enteric viruses in their physical structure, composition, and morphology, survivability in the environment, and persistence in treatment processes [7] [8] [9] . F + RNA coliphages can also be detected and quantified by simple, inexpensive, rapid, and reliable methods [7] [10]. They are abundant in domestic wastewater, raw sewage sludge, and polluted waters [7] and originate almost exclusively from the faeces of humans [11] . The study specifically, studied the thermal inactivation of MS2 in the laboratory. The laboratory test is important to simulate the conditions affecting MS2 under thermal heat. The main aim of the study was to sanitise compost withdrawn from the rural model of composting toilet by setting post-treatment conditions. The specific objectives of this research were 1) to determine the kinetic parameters of inactivation of MS2 bacteriophage during a post-treatment of compost; and 2) to evaluate the effect of temperature and moisture content on the inactivation rate coefficients (k•h −1 ).
Material and Methods

Measuring MS2 Bacteriophage
MS2 bacteriophage was obtained from the National Biological Resource Centre (NBRC), National Institute of Technology and Evaluation, Japan. Bacteriophage MS2 belongs to the family levividae and it was used as the reference bacteriophage for F-specific RNA bacteriophage [12] used as host bacteria for MS2 bacteriophage. LB (Luria Bertani) broth was used as a growth medium for coliphage and E. coli strain. E. coli was incubated in a shaking water bath at 37˚C for 4
hours. In order to measure the concentration of microorganism in the compost,
microorganism needs to be extracted into a solution [1] . A 4% (w/v) phosphate buffer solution was used as an extraction solution. The phosphate buffer was prepared by dissolving 42.5 g of KH 2 PO 4 to 500 ml of pure water. The pH was adjusted to 7.2 with 4 (w/v) of NaOH, then autoclaved. The compost at 4% (w/v) was then agitated for 3 minutes to extract MS2 bacteriophage in the Phosphate buffer solution. LB broth was used to dilute the extracted solution to a suitable concentration for measuring the organism. The LB broth was prepared by dissolving 10 g of polypetone, 5 g of Bacto Yeast Extract, 1.5 g of glucose, 5 g of NaCl, 0.2 g of MgSO 4 •7H 2 O and 0.5 g MnSO 4 •5H 2 O in 1000 ml of distilled water, then autoclaved. MS2 was enumerated by plaque assay with E. coli NBRC 13, 965 using a double agar overlay technique and using LB agar [1] [12] . Plaques were observed and enumerated following 18 to 24 hours of incubation at 37˚C ± 2˚C. The results were converted to the plaque weight of compost.
Compost Preparation and Inoculation
Twenty grammes (20 g) of compost was weighed into 250 ml sterilised bottle.
The compost was prepared by loading 500 g-wet of pig manure to 3 kg of rice husk in a composter with a mixing mechanism for 30 days. After composting, it was kept in the composter for 1 week to reduce moisture. The moisture content measured before the experiment was 27%. Ultra-pure water was added to adjust moisture content of the compost. The combinations of temperature and moisture content of the experiments are summarised in Table 1 . To study the combined effect of temperature, moisture content and contact time, temperatures were set to 30˚C, 40˚C and 50˚C. In Burkina Faso, the average temperature is approximately 30˚C. The temperature of the compost can be increased when exposed to solar thermal heat. During a proper operation of the composting toilet, the moisture content is kept around 50% -60% [13] . Therefore, moisture contents were set to 50% (normal condition), 60% and 70% (anaerobic conditions). Here, the moisture content is defined by the following equation below: 
Data Analyses
To determine virus inactivation rates, the number of virus per gram (dry weight)
of the compost were transformed into log10 PFU/gram (dry weight) of compost.
Concentration versus time data obtained from the inactivation experiments were fitted to a first order kinetic model. This was done for thermal treatment of MS2
bacteriophage. Nakagawa et al. [2] , indicated that inactivation of microorganisms follows a first order reaction and it is expressed as:
where, C is concentration of microorganism in compost sample in dry basis at time, t (PFU/g-dry solid), C o is initial concentration of microorganisms in compost sample in dry basis (PFU/g-dry solid), k is inactivation rate coefficient (h ), the effect of temperature was evaluated with Arrhenius equation described as follows;
where, A is pre-exponential factor, E a is activation energy (J/mol), R is universal gas constant (J/mol/K), T is temperature (K). ANOVA was done to determine the significant effect (p ≤ 0.05) due to increasing temperature and moisture on the inactivation coefficient rate values of MS2. The analysis was performed with R (open source coding software) using the packages "stats" for the ANOVA and Shapiro test.
Results and Discussion
MS2 Bacteriophage Inactivation in Compost
The concentration of MS2 bacteriophage decreased as the temperature increased, moisture content (MC) decreased and the length of time increased. The characteristics of MS2 at 30˚C for the conditions of moisture content (50%, 60%, and 70%) is shown in Figure 1 , values were 0.252, 0.165, 0.088 for the respective moisture contents. At 40˚C, the log unit reduction recorded for 50 % was 2 log units, 60% moisture was 1 log and 70% recorded < 1 log unit in 8 hours. Figure 1(c) shows the change in concentration of MS2 at 50˚C. The total length of time for treatment was 8 hours at 50˚C; the point at the 8 th hour was not shown because there was no count. Presenting 0 count on a log plot was impossible and hence the omission. The inactivation rate coefficients, k, values at 50˚C at 50%, 60%, 70% moisture content were 0.447, 0.308 and 0.100 respectively. Treatment at 50˚C with moisture 50 %, 60%, 70% recorded >3 log units, >1 log unit and <1 log units reductions in 8 hours. Table 2 shows the summarised inactivation rate coefficients, (k•h 
Effect of Temperature and Moisture on MS2 Inactivation
Thermal treatment is a method employed by many sludge generators to inactivate pathogens. The proposed thermal treatment is inexpensive and generate a product beneficial and acceptable for agricultural use. The evaluation of a cost effective solution for sufficient inactivation of pathogen provides valuable Journal of Agricultural Chemistry and Environment Table 3 ). These findings conformed to the studies of Kazama et al. [1] , who indicated that, inactivation of MS2 are strongly dependent on temperature. Results showed that, there was no change in concentration of MS2 after eight (8) hours treatment period at 30˚C which indicates that, lower temperatures facilitate the survival of MS2. Range of temperature from 40˚C -50˚C and above are capable of inactivating MS2 as shown in these results. However, rates will obviously vary with varying temperature. Inactivation rate coefficients, k, h −1 , varied under different post-treatment conditions. During the treatment, relevant data were gathered for the inactivation rate coefficients. Arrhenius plots for MS2 inactivation is shown in Figure 2 . The solid lines shows the correlation for the effect of temperature on MS2 at different moisture content, 50%, 60% and 70%. The broken lines show the actual pattern of effect of temperature. There was a strong correlation between temperature 30˚C, 40˚C and 50˚C for all moisture levels. This indicates that, there is a greater effect of temperature for the various treatments.
Lower moisture conditions increased the inactivation rate coefficients, k, h −1 values in all our experiments. However, the difference in the k values was not statistically significant. These results are clearly shown in Figure 2 . Conditions with lower moisture 50% recorded higher inactivation rates indicating that compost with moisture content below 50% can enhance the inactivation process during post-treatment. Inactivation rates are higher with increasing temperature and lower moisture content. Kazama et al. [1] , showed that inactivation rate ) at 50˚C 40% moisture was 0.40 while the study reported 0.447 at 50˚C, 50% MC ( Table 2 ). The study observed that the rate of coliphage decreased more rapidly at high temperature because the inactivation rate coefficients, at 50˚C were higher than at 30˚C. This study reported the same trend. The most performing post-treatment condition was 50˚C 50% MC which recorded a >3 log units reduction in 8 hours. The experimental data were important to allow simulation of inactivation of pathogens under solar thermal heat.
Conclusion
A composting toilet system is supposed to inactivate pathogens in compost before reuse as fertilizer. There was insufficient heat in the composting process in the rural model of composting toilet. A post-treatment of the compost was necessary to increase the health and safety of farmers. Inactivation of MS2 bacteriophage (viral pathogens) in a possible additional post-treatment after the composting process by dying-up with air (lower moisture) and temperature (solar thermal heat) was investigated in the laboratory test. As a result, the inactivation rate coefficient (k) values of MS2 bacteriophage depended on higher temperature but not on moisture content. The inactivation rates during the post-treatment were 0.093 -0.020 h 
